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ABSTRACT

The pastoral system in Mongolia is one of the most vulnerable sectors to the adverse effects of ongoing climate
change because of its climatic condition, geographical location, and community lifestyle. Therefore, building a
resilient socio-ecological system by reducing the sector's vulnerability and increasing its resilience is an
important issue not only at the research level but also at the policy level. Study of Mongolia's pastoralism from a
point of view of the integrated system of "herder-pastoral ecosystem-livestock" is important for strengthening
the long-term resilience and adaptive capacity to climate change. In particular, education, a key component of
the vulnerability and adaptive capacity, is the main factor contributing to poverty in a way that affects people's
livelihoods. From a systemic point of view, as poverty increases, vulnerability increases, and capacity for
resilience decreases. Therefore, this study explains the role of education in enhancing the resilience of the
livestock sector and pastoral systems. Within the framework of the research, the relationship between resilience,
adaptive capacity, and vulnerability is explained in theory, and the livestock sector is viewed in the context of

complex socio-ecological systems.
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1. INTRODUCTION

In recent years, mitigating and adapting to the
adverse effects of climate change caused by human
activities have become a relevant issue at global,
national, regional, and local levels [1; 2]. As
Mongolia is located in a region of arid and semi-arid
ecosystems, with  nomadic culture and a
predominance of pastoralism, which is vulnerable to
the climate change, adapting to it and strengthening
its resilience are critical issues [3].

Adverse events caused by climate change, such as
drought and dzud, increase livestock mortality and
lead to internal migration from rural to urban due to
poverty caused by loss of livestock. This is due to the
lack of adaptive capacity of the livestock sector at the
national level. On the other hand, pastoral livestock
in Mongolia is a traditional and basic economic
sector of the nation's employment, and as of 2019, it
accounted for 10.9 percent of GDP and 25.3 percent
of the total labor force [4]. In terms of settlement

patterns, rural poverty (30.8%) is higher than urban
poverty (27.2%). Urban and rural populations vary in
their ability to cope with the risks of climate change
and their ability to adapt, depending on the type of
business and living conditions. The lower the income
the herders gain in the livestock sector, the more
vulnerable they are to climate change and the less
able they are to adapt and cope with any risks.

Education is one of the key mechanisms to reduce
poverty and improve living standards. An uneducated
person is employed in a job that does not require
professional skills, or in a low-paying job. However,
adapting to climate change requires knowledge,
skills, and management from herders. According to
the analysis of the relationship between education
level and poverty, the higher the level of education of
the head of the household, the less likely the
household is to fall into poverty. The statistics of
2019 indicated that out of 285.4 thousand herders,
only 10.1% had technical, vocational or higher
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education, and the remaining 90 percent had
secondary, primary education or no education [4].

In this paper, we describe the role of education to
reduce the vulnerability of the livestock systems to
climate change and strengthen its capacity for
adaptation and resilience. The outputs of the study
can be used to support the adaptation policy and
strategies to prioritize key issues.

2. THE SYSTEMIC PERSPECTIVE OF
RESILIENCE, ADAPTIVE CAPACITY,
AND VULNERABILITY TO CLIMATE
CHANGE

Scholars have argued that integration of societal
(human) and ecological (biophysical) systems have to
be investigated as an integrated socio-ecological
system (SES) in the field of climate change [5; 6]. As
the dynamic interplay between the two systems has
captured the attention of scholars and environmental
policy-makers in recent decades, linkages of the
vulnerability, resilience, and adaptive capacity of
those systems are relevant to understand the ways of
coping with the harmful effects of climate change.

Vulnerability is a broad concept used in different
fields. However, vulnerability can be explained in the
research of climate change-related risk, hazard, and
disaster as the degree to which human and
environmental systems are likely to experience harm
due to a perturbation or stress [7; 8]. In other words,
vulnerability refers to a certain system’s
susceptibility to harm in climate change. Resilience is
opposite to the vulnerability. To clarify, resilience
describes the ability of a social or ecological system
to absorb disturbances, while retaining the same basic
ways of functioning, and a capacity to adapt to stress
and change [9]. The adaptive capacity indicates the
ability of the system to become adapted to a certain
range of environmental contingencies [5].

In recent studies of climate change, adaptive
capacity has been defined as the ability of natural or
human systems to adjust to actual or expected
climatic stimuli or their effects [7]. From the
systemic perspective, the concepts of vulnerability,
resilience, and adaptive capacity are related to each
other [5]. For instance, vulnerability and resilience
are the two sides of the same coin [10]. It means that
an increase in vulnerability results in a decrease in
resilience. Resilience focuses on the ability of the
system to return to the original system, while
vulnerability considers the exposure, sensitivity, and
capacity of response to the effects of climate change.
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Bene [11], Berman [12], Engle [13] claim that
adaptive capacity is considered as buffering between
resilience and wvulnerability. According to them,
adaptive capacity can be increased when the
vulnerability decreases, and it results in increasing
resilience. To sum up, the literature argued that
vulnerability, resilience, and adaptive capacity are
interlinked in explaining the effects of climate
change.

3. RESILIENCE CAPACITY OF
PASTORAL SYSTEMS

Pastoralism is a basic lifestyle of nomadic culture.
Nomadic pastoralism is a "herder-pastoral ecosystem-
livestock™ trilateral connection, which is a "pastoral
social-ecological system”. They are linked to sustain
each other and contain adaptation and resilience
capacity at a certain level. Mongolia's nomadic
pastoral culture has been a mechanism for adapting to
the fluctuations of arid and semi-arid ecosystems [14;
15]. For instance, pasture migration is a form of
adaptation that allows the protection, use, and
renewal of pasture ecosystems. Pastoralism plays an
important role in socio-economic development and
becomes one of the main economic sectors. From the
systemic perspective, nomadic pastoralism presents
the interconnection between society (herders), nature
(pasture), and economy (livestock) in the sustainable
development field, and can be considered as
interdisciplinary, trans-disciplinary, and
multidisciplinary research (See Figure 1).
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Figure 1. Scheme of Nomadic pastoralism [16]

From the point of view of pastoral livestock as an
integrated socio-ecological system, the resilience of
pastoral livestock systems can be explained as
follows:

1) The resilience of the rangeland is the ability of a
pastureland ecosystem to recover from the
harmful effects of climate variables, such as
drought and dzud, and human activities, such as
overgrazing.  Traditional  knowledge and
awareness of herders' pasture management are
positively related to this capacity.



ATLANTIS
PRESS

Advances in Engineering Research, volume 206

Global and Climate

Hinder for changes
Implementation of .
Development Goals o Increased Intensity of
= T - - drought-Zud
~ - =~ ~ ~
» Fluman well being - Human Settlement
7 Demographics - Movement N N ‘,
/- Rura: household - Migration rural tourban ~ \,
/ - Rural poverty - Health & Education \
/ - Livelihood Human/—Herder \
) Impact and
o / Social - Grassland \' Degradation of
o Mllgtratljort‘) / - Rangeland \ pasture ecosystem
ural to Urban i . . -
[ - Livestock number Nomadic Pastoralism/ Ecosystem
- Structure Pastoral Systems - vater resource
\ Quality Y - Hay & forage /
X Gene Animal— Livestock Nature — Pasture /
\ Economic Environment /
\\ - Productivity - Pasture use //
N\ - Income - Restoration /
N N - Benefit - Degradation _ 7
~ - Service - Protection - .
~ - Monitoring - Livestock loss and

Increase rural ~~ — Economic loss

poverty

—_—————

Sustainable and Livelihood of

——

Herder household

Figure 2. Chain of interlinkage between pastoral systems and the impact of climate change

2) The resilience of a livestock system is described
by its ability to use a complex landscape and
overcome climate variables, drought, and dzud, at
low risk, and can be developed based on the
resilience of pasture ecosystems when livestock
numbers are at risk.

3) Herders' resilience can be supported by traditional
knowledge, education, and living standards.
However, in the current context, in addition to the
traditional herding knowledge, it is important to
use modern knowledge, innovation, and new
technologies to increase the resilient capacity
(Figure 2).

4. THE ROLE OF EDUCATION IN
STRENGTHENING THE RESILIENCE
OF THE PASTORAL LIVESTOCK
SYSTEM

From the systemic perspective of resilience,
vulnerability, and adaptive capacity, enhancing the
resilience of the pastoral livestock system to respond
to the adverse impacts from climate change mean
decreasing vulnerability and increasing adaptive

capacity. Yet, there are a number of indicators
influencing the vulnerability and adaptive capacity,
and education is recognized as a powerful tool in
enabling less vulnerability and effective adaptation at
all levels, particularly at a local community level [1;
17].

The role of education in adaptation and resilience
has been studied in some developing countries. For
instance, Paavola [18] examined that education is key
a component of building long-term adaptation and
resilience to climate change impacts in Tanzania.
Moreover, Eakin [19] determined the importance of
wealth and education to enhance adaptive capacity in
a case study of Mexico. These studies demonstrated
that adaptation strategies with the long-lasting
resilience aim should include education as the main
component. Because, receiving high-quality or high-
level education, and climate literacy support not only
disaster preparedness before extreme events, but also
enhance post-disaster intervention at a community
level.

Access and quality of education vary among
herder community. We would argue that the lower
the level of education or lack of education, the greater
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the risk of falling into poverty, which can lead to
vulnerability and reduce the adaptive capacity and
resilience capacity. We can see this relation from the
statistics shown in Table 1.

Moreover, it is seen from Table 1, the lower the
level of education, the higher the poverty rate. 285.4
thousand herders are working in the livestock sector
of Mongolia, of which 23.2% have primary
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education, 39.9% have lower secondary education,
23.1% have upper secondary education, 3.7% have
higher education, 6.4% have vocational education,
while 3.7% have no education (see Table 2). It means
that only 10% of the herders (vocational education
(6.4%) and higher education (3.7%)) have a
profession, which provides good income and adaptive
capacity to climate change.

Table 1. Poverty and education, by education of the head of the household [20]

The national

No

Primary

Secondary

Higher

I

average

education

education

education

education

Poverty rate 35.2,(0.8) 58.0, (2.8) 51.5, (1.7) 48.1, (1.4) 9.5, (1.1)
Poverty gap 10.1, (0.3) 19.8, (1.4) 16.0, (0.7) 14.1, (0.5) 2.1, (0.3)
The severity of

poverty 4.0,(0.2) 8.9, (0.9) 6.7, (0.4) 5.6, (0.3) 0.6, (0.1)

Total

Table 2. Education level of herders, by 2018 [21]

Education level

Vocational

number of Secondary education

Higher education

and technical (graduated colleges and

Primary
education

herders No
Jthousands/  €ducation

education

universities)

Lower Upper
66.2 113.8 65.9 18.2 105
0,
2854 (100%) 232%) | (39.9%) | (23.1%) (6.4%) (3.7 %)

Education can be broadly classified as formal and
informal [22]. Formal education is processed based
on a strict curriculum and delivered by the state or
private schools, colleges, or universities, while
informal education more refers to traditional values
and knowledge. In the Mongolian case, informal
education or traditional herding ways have been
handed down from generation to generation among
herders. However, the relatively low level of formal
education which is gained in attending the schools
has weakened the resilience of the integrated system
of "herders- pasture-livestock" by increasing their
vulnerability and reducing their adaptive capacity to
adverse impacts from climate change. Therefore,
education needs to be prioritized in policy measures
and strategies to mitigate the effects of ongoing
climate change and to improve the long-term
resilience of the livestock sector and pastoral systems
[23].

5. DISCUSSION

Mongolia's nomadic culture has existed for
hundreds of years, and the pastoral socio-ecological
system (herder-animal-pasture) has adapted to any
changes in a mutually supportive way [10; 1].
However, the adverse effects of climate change,
which has intensified in recent years, increase the

vulnerability of the socio-ecological systems of
pastoral livestock. Therefore, increasing the adaptive
capacity and resilience of the pastoral system to
climate change is a pressing issue for researchers and
policymakers. Vulnerability, adaptive capacity, and
resilience are interrelated systemic concepts.
Considering the problem from this perspective can
improve the long-term sustainability of the system's
ability to adapt and recover from climate change.

From the point of view of the integrated socio-
ecological system of pastoral livestock, increasing the
capacity and resources of rural herders to adapt to
climate change is important to strengthen the
resilience of the integrated system (herder-animal-
pasture) as a whole. One of the factors leading to
vulnerability for rural herders is poverty, and poverty
and education are inversely related. As the level of
education increases, the level of poverty decreases,
and the capacity for adaptation and recovery
increases.

Therefore, herders' education needs to be
prioritized in order to strengthen the resilience and
adaptive capacity of the pastoral system to climate
change. In other words, supporting herder education
can be a long-term, sustainable strategy for adapting
to the adverse effects of climate change.
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6. CONCLUSIONS

The livestock sector accounts for 10.9 percent of
GDP and 25.3 percent of the total labor force. A total
of 285.4 thousand herders are employed in the
livestock sector, of which 63 percent have lower
secondary education.

On the other hand, the livestock sector is one of
the most vulnerable sectors to climate change.
However, the capacity of the livestock sector to adapt
to climate change has not been strengthened at the
national level.

From the research point of view, the livestock
sector is a system concept of “herder-pasture-
livestock” with pastoral socio-ecological interaction
and consists of many external and internal variables
that affect the system (Figure 2). Many variables in
this interactive system have different natures and
patterns and can lead to resilience, adaptive capacity,
or vulnerability to climate change.

The results of this study note that herders'
education, one of the variables that make up the
“herder-pasture-livestock™ interaction system, is a key
variable for the long-term, sustainable resilience of the
system. For instance, at a time when the majority of
herders working in the livestock sector, or 63 percent,
have lower secondary education, it is not possible to
strengthen the ‘“herder-pasture-livestock” system's
ability to adapt to climate change without education.

Therefore, the gradual support of knowledge and
education of herders to adapt to climate change is one
of the main factors to ensure the sustainable
development of the livestock sector.
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